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and H. C. Goldthori-E, Assistant HaeUiijlogLf, Defat brunt of Ihu terwhgy, I'tah 
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iNTRonrcrinx 

Saks which may occur in soils and those applied to them in various 
operations influence the number, sjx'cies, and activity of the microllora 
of a soil. These factors are in turn reflected hv the yields obtained from 
the soil. Some substances applied to a soil serve as fix>d for the growing 
plant; others increase plant growth but not through the direct furnishing 
of food. This latter effect may be due to a change brought about by the 
salt on the physical, chemical, or bacterial projxrlies of the soil The 
substance iuav alter the physical properties of the soil to such an extent 
that the bacterial flora is modified; this in turn may increase or decrease 
the crop produced upon the soil. Other substances may react chemi- 
cally with constituents within t he soil and in so doing li lx* rate substance 
which can be directly utilized by the growing plant. Again, they may 
directly modify the microflora and fauna of the soil lx>lh as In numbers 
and physiological efficiency. Or, in some cases, all three changes may 
be wrought by one and the same salt. The question therefore arises as 
to what effect this or that fertilizer or soil amendment is going to have 
upon the bacterial activities of the soil. 

Furthermore, there are millions of acres of land in arid America which 
contain varying amounts of soluble salts. Some of these soils contain 
such large quantities of these so-called “alkalis” that no vegetation is 
found upon them. Other soils contain only a medium amount of soluble 
salts, and the vegetation is conqxised chiefly of alkali- resisting plants. 
Still other soils contain much smaller quantities of soluble salts, and 
they become injurious only when the soil is improperly handled. The 
reclaiming of the heavily charged soils and the maintaining of the others 
in a productive condition can be carried on successfully only when we 
understand the influence of salts upon the growing plants and their action 
upon the biological, chemical, and physical properties of the soil. 

The purpose of this investigation is therefore to determine the relative 
toxicity of various substances found in or applied to a soil, as measured 
in terms of bacterial activities of the soil; also to determine, the stimu- 
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lating influence of various substance upon bacterial activity and the 
manner in which the stimulation is exerted. The results thus obtained 
can be directly compared with those obtained for higher plants. Then, 
if a correlation between the two, the lower and the higher plants, be 
obtained, it should give a quick method of testing not only alkali soils 
but also other soils containing various soluble constituents. Further- 
more, it makes possible the studying of balanced solutions within the 
soil by means of bacteriological tests, thus getting in a short time com- 
parative results which with higher plants would be obtained only by an 
enormous amount of work and time. Knowledge thus obtained can be 
used in the reclaiming of the alkali lands of the arid West. A careful 
review of the literature has been made elsewhere and, hence, is not in- 
cluded here (j). 1 

EXPERIMENTAL WORK 


The soil used in this work, taken from the College farm, is of a sedi- 
mentary nature. It was deposited by streams flowing into the valley, 
laden with debris derived from the near-by mountains, which are com- 
posed largely of quartzite and limestone. A physical and chemical 
analysis of the soil is given in Table I. 

TAUU-: I . — Physical and chemical composition of soil 


Physical composition. 


Chemical composition. 


Soil. 


Per 

cent. 


Constituent 


I Per 
I cent. 



17. 69 

37 39 ! 
15 19 i 
10. 36 j 
10.32 1 

Fine sand (1 toooj mm ) 


Medium silt (0.01 to 0 003 mm.). . 
Fine silt (o oo$ to 0.001 mm.). , . 

Moisture und loss 

9-05 1 

1 



Insoluble matter 

Potash (KjO) I 

Soda (Na^O) 1 

Lime (CaO) 

Magnesia (MgO) 

Ferric oxid (FeX>j) 

Alumina (A 1 3 0 3 ) 

Phosphorus pentoxid (P/Dj). ..j 

Sulphur trioxid (SOj) 

Carlxm dioxid (C 0 2 ) 

Humus 

Total nitrogen 


66. 69 
•55 

• 49 
7.41 

4 - 1 5 
2 93 
3 - 49 

• 2 5 
.07 
7, 62 
2. 18 

• *5 


The soil used, therefore, was a sandy loam very high in acid-soluble 
constituents, but the water-soluble constituents were not excessive. 
The calcium and magnesium contents were very high and mainly in the 
form of the carbonate. The soil was well supplied with phosphorus and 
potassium* and there was a fairly large quantity of iron present. In 
fact, all of the elements of plant food were present in abundance, with 
ttfe exception of nitrogen, which was low. The soil was very productive, 
and previous work had shown the ammonifying and nitrifying powers 
of the soil to be about the average for the soils of the arid regions. The 


1 Reference is nude by number to “I.itemture cited. " pp. 134-125- 
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nitrogen-fixing powers of the soil were above the average, and previous 
work had shown it to have an intensely interesting bacterinl flora. 

Several hundred pounds of the soil were thoroughly mixed, stored in 
a large box, and kept as near field conditions as possible so that all the 
work could be done on the same soil. As the soil was needed in the 
work, portions were brought to the laboratory, air-dried in the dark, 
then weighed in 100-gni. portions into sterile covered tumblers. To 
each of these were added 2 gm. of dried blood. The whole was then 
carefully mixed, and the salt in most cases added from a carefully stand- 
ardized stock solution. This, together with sufficient sterile distilled 
water to make the moisture content up to 20 |>er cent, was thoroughly 
mixed in the soil. Each series, together with sterile blanks, was incu- 
bated at 28° to 30° C. for 21 days, and then the nitric nitrogen deter- 
mined as follows (4, p. 200 ) : 

The contents of the beaker, together with 500 cc. of distilled water 
and 2 gm. of alum, were placed in quart Mason jars and agitated for five 
minutes in a shaker. 

An aliquot part (too cc.) of the supernatant liquid was pijxtted off, 
and, together with 2 cc. of a saturated solution of sodium hydroxid, was 
evaporated to about one-fourth of its original volume to free it from 
ammonia. To this were added 50 cc. of ammonia-free water, 5 gm. of 
“ iron-by-hydrogen " and 30 cc. of sulphuric acid (sp. gr. 1.35). If less 
than 40 mgm. of nitric nitrogen is to be determined, it is well to take a 
correspondingly smaller quantity of iron and sulphuric acid. 'Hie neck 
of the reduction flask was fitted with a 2-hole stopper, through which 
passed a 50-cc. separatory funnel and a bent tube which dipped into a 
vessel containing water in order to prevent mechanical loss. The acid was 
slowly added and allowed to stand until the rapid evolution of hydrogen 
was over. It was then heated to tailing fur 10 minutes. The contents 
of the side vessel were returned to the reduction flask before the reaction 
was complete, thus insuring the complete reduction of any nitrates 
which may have been carried over with the first violent evolution 
of the hvdrogen. The contents of the reduction flask were transferred 
to Kjeldahl flasks, neutralized with sodium hydroxy, and distilled into 
standard acid. The excess of acid was titrated back with standard 
alkali, lacomoid being used as an indicator; controls were made on all 
the reagents, including the alum used as a flocculant. 

In every case at least four determinations were made with each con- 
centration of the salt, and, in the absence of agreement between deter- 
minations, the series was repeated so that the results as herein ’reporter l 
are in every case the average of four or more closely agreeing determina- 
tions. Hence, experimental error has been reduced to as near a mini- 
mum as possible in this kind of work. 

The solutions of the salts were prepared by weighing gram-molecular 
quantities of Merck’s best grade of the respective salts into 1,000 cc. of 
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sterile distilled water and then quantitatively determining the amount 
present. In those eases in which the analysis showed the concentration 
wrong, it was corrected, so that we have a definite knowledge of the 
quantity of salt added to the soil, as the varying results reported by 
different investigators can in many cases be interpreted by the unknown 
variation in salts added. The solution thus prepared was then added 
to tlie soil in such quan^tics as to make the amount of the anion and of 
cation the same and directly comparable the one with the other. The 
comparatively insoluble salts, calcium carbonate, calcium sulphate, etc., 
were carefully weighed and intimately mixed with the soil. The ar- 
ranging of the work in this order gives us as nearly absolute results as 
can be obtained by the present bacteriological methods, and at the same 
time gives us directly comparable results, which after all is what we 
have to look for in this work. 

The salts tested were the chlorids, nitrates, sulphates, and carbonates 
of sodium, potassium, calcium, magnesium, manganese, and iron. 

infm'Knck or sodium sAi/rs 

The compounds used in this series were sodium chlorid, sodium sul- 
phate, sodium nitrate, and sodium carbonate. They were in concen- 
trations such that equivalent quantities of sodium in the various forms 
could tie directly compared. The strengths varied from o to 1,380 
p. p. m. of soil, and represented the actual proportion of sodium in the 
various forms applied to the soil. The results are reported as percentage, 
considering the nitric nitrogen produced in the untreated soil in each 
case as 100 per cent. This method of reporting the results makes them 
more directly comparable than if stated as milligrams of nitric nitrogen 
formed in 100 gtn. of soil. The average nitrifying power of the untreated 
soil was 53 mgm. of nitric nitrogen per 100 gm. of soil. The results 
are given in Table 11 , and in every case are the average of at least four 
and sometimes of several times this number of closely agreeing deter- 
minations; hence, they should represent very closely the comparative 
influence of the various sodium salts upon nitrification. 

Sodium chlorides the only one of the sodium salts tested which in- 
creases the accumulation of nitric nitrogen in the soil. In this regard 
nitrification differs widely from amm unification, for in the latter both 
sodium nitrate and sodium carbonate stimulate. However, sodium 
chlorid is a much more active stimulant of the nitritiers than it is of the 
ammonifiers, and it stimulates in much higher concentration, being the 
most active when the soil contains 230 p. p. m., and is not toxic until the 
quantity in the soil exceeds 460 p. p. in. The toxicity rapidly increases 
above tjiis concentration, and at a concentration of 1,380 p. p. m., the 
nitric nitrogen present had been reduced to 16.4 per cent of what it was 
in the original soil. 
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Table II— Percentage of nitric nitrogen format in iqo gm, of sail containing 1 <m. 
of dried blood and varying amounts and forms of sodium salts 


[The untreated soil is ultra as ioo imuYnt] 


Amount o i sodium. 


None 


3- 6 

7.2 


57-5 

115.0 

230.0 

460.0 

920.0 
1,380.0. 


P. f>. tn, 


PcfvmtaiEf of nitric nitrogen Wmcd in prrsciue id - 


ch lurid 

1 

Sodium 

sulphate 

Sodium 

nitr«tf. 

Sodium 

(.-arlxmnlc 

IOO. O 

IOO. 0 

IOO. 0 

IOO. 0 

102. 4 

87.8 

92. 7 

100. 0 

102. 5 

60. 3 

88.3 

79- 4 

ioo. 6 

57 - * 

944 

76. 9 

105. 1 

86.3 

101.0 

88. i 

114. 7 

74.0 

75 - 9 

94 * 

139.6 

55 - 1 

71. 6 

79-4 

143. 0 

65.4 

69. 4 

* 73 - 5 

136. 3 

633 

48. 0 

‘6 5 

57 - 5 

63 0 

17. 1 

63 5 

16. 4 

50. 8 

- 14.0 

58.8 


Although sodium carbonate is toxic in the lowest concent ration tested, 
yet its toxicity does not increase as rapidly as docs that of the ohlorid, for 
at the highest concentration it still produced 58.8 per cent of nitric nitro- 
gen. The action of sulphate and carbonate nearly parallel each other 
throughout the entire series. 

Sodium nitrate probably stimulates slightly at 28.8 p. p. in., but a) wive 
this concentration the nitric nitrogen rapidly decreases and when the 
concentration of sodium in the form of sodium nitrate readies 1,380 
p. p. in., there is an actual loss of nitric nitrogen from the soil. 

It is quite evident from these results that the order of toxicity of these 
salts are as follows: Sodium sulphate, sodium carbonate, sodium nitrate, 
and sodium chlorid; but if we consider them at the highest concent ra- 
tions the oj;der becomes sodium nitrate, sodium chlorid, sodium sulphate, 
and^odiutn carbonate. 

The results for sodium chlorid confirm the findings of C. H. Tjptnan (<¥) 
as opposed to Deh6rain (j) that sodium chlorid docs stimulate the nitri- 
fying bacteria. Although sodium carbonate is 10x4: in comparatively 
low concentrations, it is not as toxic in this soil as it was found to he in 
the soil used by Lipman; moreover, he noted a stimulation with sodium 
sulphate which does not appear in any of our work. This apparent dis- 
crepancy must be due to a difference in the soils used. 

At the lower concentrations a given molecular quantity of sodium 
sulphate is more toxic to the nitrifying organisms than is an equivalent 
molecular proportion of sodium carbonate, and this is more toxic than 
is an equivalent molecular proportion of sodium nitrate. Sodium 
chlorid is less toxic than any of the other salts tested. When 4 / io“* 
mole of sodium chlorid, sodium sulphate, or sodium carlwmate are added 
to 100 gm. of soil, the nitrate accumulation is reduced to at>oul one -half 
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normal. But when an equivalent quantity of sodium in the form of the 
nitrate is added, the nitrifying powers are reduced to one-fifth. 

The work was so planned that equal molecular proportions of the 
various salts could l>e compared as shown in Table III. 

Tabu: 111. -f Percentage oj nitric nitrogen /armed in loo gm. of soil containing 2 gm. 
of dried blood and varying amounts and forms of sodium salts in equal molecular pro- 
portions 

[The untreated soil is taken us ioo j»er tent] 


Percentage of nitric nitrogen formed in presence ol— 


I'r.M of molecular weight iu 100 of soil. 

Sodium 

chlorid 

Sodium 

sulphate. 

Sodium 

nitrate. 

Sodium 

carbonate 

:;<ine 

IOO. 0 

IOO. 0 

IOO. 0 

IOO. 0 

1 rfiAxfi " 1 

102. 4 

60. 2 

Q2. 7 

79-4 

{12 X io~ 7 

102. 5 

57 - 1 

88.3 

76. 9 

6 I0~ ; 

100. 6 

86. 2 

94-4 

88. 2 

125X10"* 

103. 1 

74.0 

101. 0 

94. I 

25X10- 1 

1 14. 7 

55 - 1 

75*9 1 

79-4 

5X id*. - 

130.6 

65-4 

71. 6 

7 .v 5 

1 X io“ 3 

142. 7 

63. 2 

6o - 4 

76.5 

iXto ' 3 

136. 2 

63.0 

! 48. 0 

58.8 

4 X 10 - 

l 57 - 5 

50. 8 

17. 1 

58.8 


Sodium chlorid, which has the lowest molecular weight, is the least 
toxic, whereas sodium nitrate, with the next lowest, conies next in order 
of toxicity. It is, therefore, quite evident that the toxicity of the sodium 
salts varies with the electro-negative ion with which sodium is combined 
and must be due to a physiological influence exerted by it upon the 
protoplasm of the organisms and not due to a direct osmotic effect. 

INTU EN'Ctf OP POTASSIUM SALTS 

't he compounds used in the potassium series were the rhlbrid, sulphate, 
nitrate, and carbonate. 'Hie concentrations were the same as those used 
in the sodium series. The results, as reported in Table IV, are*the 
average of tour or more closely agreeing determinations. 

Potassium chlorid and potassium nitrate are the only potassium salts 
which yielded a stimulation with the nitrifying organisms. But after 
the stimulating concentration is exceeded these compounds rapidly in- 
crease in toxicity, so that by the time a concentration of 2,346 p. p. m. 
of potassium in the form of the chlorid has been added to the soil, the 
nitric nitrogen present had been reduced to 5.23 per cent. Where a 
similar quantity of the nitrate was added, there was a marked loss of 
nitrates, • * 

Potassium sulphate was found to be toxic in the lowest concentration 
tested, but the toxcity does not increase as rapidly with the increased 
concentrations of this salt as it does with those 'salts which are stimulants. 
For it is only when 1,564 p. p. m. of potassium in the form of potassium 
sulphate has been added to the soil that we find the nitric-nitrogen ac- 
cumulation reduced to one-half normal. 




Potassium carbonate in the lower concentrations is less injurious than 
is the sulphate, but in higher concentrations it becomes much more 
toxic. 

It may be seen that the action of the chlnrid and carbonate are very 
similar, and one must conclude that the anion, in addition to the cation, 
exerts a very marked effect upon the nitrifying organisms of the soil. 
The nitrifying powers of the soil are reduced to about half-normal with 
nearly the same concentration of potassium in the form of the chlnrid, 
sulphate, and carbonate, whereas the nitjute reduces it to half-normal 
when one-fourth the concentration has been reached. 

The influence of equivalent molecular proportions on the various 
potassium sails is given in Table V. 

TaJ3LK V . — Percentage of nitric nitrogen formed in }n>> gm . of .uni containing 2 qm. of 
dried blood and varying amounts and forms of polantum salts m equal molecular pro* 
por&ns 

[Th* untreated soil is taken as too j*t «nit| 


Pcru-nfagc <4 njiri< nilr»i;rii format in prcwiucol - 


Fraction ol molecular weight in 

00 K»1 <i 

wal. 

Potassium 
eh lor id. 

Potassium 

Mil {that*. 

Potassium 
tut rate. 

Potassium 

Larlxmate. 

None 


TOO. 0 

IOO. O 

IOO. 0 

IOO. 0 

i56Xto- ; 


93 - 5 

95 7 

106. 4 

92.7 

312X10- 7 


86. 8 

95 - 0 

7 1 7 * 

8 r. 3 

635X10- 7 


*06. 5 

93 * 8 

98.6 

»o. 3 

125X10-’ 


102 . 3 

73 4 

9 2 - 5 ! 

69. 0 

25X10-* 


■ ■ ■ ■ * 4 - 3 

7 6 -4 

100. 5 ; 

71:0 

5X10- 4 


84 .1 i 

1 67. 2 

71. i # i 

63-7 

r X to- 3 


84 3 

| 62 3 

33 - S i 

55-4 

2X10 s 


78, 0 ' 

5 *< 5 

I 20. 0 

41-8 

4X10- 3 


35 ^ | 

3*-4 

3 - 5 

14 8 
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In the lower concentrations a given molecular quantity of potassium 
carbonate is much more toxic to the nitrifiers than is an equivalent 
molecular quantity of the sulphate, nitrate, or chlorid, the toxicity of the 
compounds varying in the order named. 

In the highest concentration tested the chlorids reduce the nitrify- 
ing powers to 35.6 per cent, the sulphate to 32.4 per cent, the nitrate to 
2.5 per cent, the carbonate to 14.8 per cent. 

The toxicity of the potassium salts is governed largely by the elec- 
tro-negative ion combined with the potassium and if the osmotic pres- 
sure plays any great part it is masked by other factors. 

influence op calcium salts 

The compounds used in this series were calcium chlorid, calcium 
nitrate, calcium sulphate, and calcium carbonate. The first two were 
added to the soil according to the usual method from a standard solution, 
whereas the sulphate and carbonate were weighed into the soil, carefully 
mixed, and then treated in the ordinary manner. 

A number of determinations were .made in each case and compared 
with sterile blanks, so that the results as reported in Table VI are the 
average of four or more closely agreeing determinations. 

TaijUK VI. -Percentage of nitric-nitrogen formed in HX> gm. of soil containing 2 gm. of 
dried biood and varying amounts and forms of calcium salts 

j'fhe untreated soil is Ukcu as ioo per ccul| 


Fraction of molecular weight in io> 

till. U Mill 


PercmUpe of nitric-nitrogen formed in presence of — 

! crkifci 

Calcium . 
chlorid. 

Calcium 

sulphate. 



Calcium 

Di Irate. 

Calcium 

43tr bunatc. 

None 

i ' ■ 

; t'.p. m. 

None 

IOO. O 

IOO. 0 

too. 0 

IOO. O 

78X ro ‘ 

3.12 

87.9 

117. 1 

99. r 

99-4 

156X 10 •' 

6. 24 

79-0 

115- 9 

88. 8 

97.2 

31JX10-- 7 

**• 35 

88. 2 

H 3 9 

9 2 - 5 

* 97 - * 

635X10 7 . 

24. 82 

84. 0 

14a 9 

102. 1 

•853 

135X to* 

4 Q. 64 

86.8 

125. 0 

92. 1 

95 9 

35X10-*. 

99- 28 

127.4 

148. 8 

100. 8 

97 * 

5X10 1 

56 

160. 3 | 

151- 7 

86. 9 
46.8 

70. 0 

iXio- 3 

307 - 1* 

167. 6 1 

180, 6 

82. 0 

2X10- 3 . 

794 - 24 

« 4 . 5 

196. 7 

- 0. 4 

59 * 

iXio~ J 

. 1191.36 

99- 2 

189. 2 

— 20. 2 

59 - * 


In marked counterdistinction to its action on the ammonifying 
organisms, ^alcium carbonate fails to stimulate in any of the concentra- 
tions. This, however, is not surprising, as the soil which is being used 
in, this work contains over 12 per cent of calcium carbonate, which is 
undoubted^ abundant for the maximum activity of these organisms. 
We do, however, find a gradual increase in toxicity as the quantity of 
calcium carbonate added to the soil increases, so that by the time 1,191.4 
parts of calcium in the form of the carbonate have been added the nitri- 
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fying powers of the soil have been reduced to 59 per cent of normal, thus 
indicating that it is possible to add sufficient limestone to a soil to reduce 
its nitric-nitrogen content. Whether this be due to its direct action 
upon the bacterial activities or to changing of the calcium : magnesium- 
carbonate ratio of the soil can not be answered by these results. It is 
certain it can not be due to the anions alone, for we find the other calcium 
salts acting as stimulants. 

Calcium nitrate stimulates only slightly, and this at the medium con- 
centrations. At low concentrations it is not as toxic as is calcium car- 
bonate, but at concentrations of 397.1 p. p. m. and alxive of calcium in 
the form of calcium nitrate it is highly toxic. At the highest concen- 
tration tested, 1,1914 p. p. in., the nitric nitrogen rapidly disappeared 
from the soil. 

Calcium sulphate stimulated in all of the concentrations tested, and 
in most cases there was a very marked increase in the nitric nitrogen 
of the soil. This undoubtedly accounts for the increased plant growth 
noted when gypsum is added to a soil. When 794.2 p. p. ill. of calcium 
in the form of the sulphate had been added to the soil, there was nearly 
twice as much nitric nitrogen in the treated soil as there was in the 
untreated soil. 

Calcium chlorid is apparently toxic at the lower concentrations, but 
at the higher concentrations it becomes a marked soil stimulant. Its 
highest stimulation is noted at a concentration slightly lower than that 
of calcium sulphate. Furthermore, it becomes toxic again, a condition 
which has not l>een observed for the sulphate. 

It may be noted that 3Xio~ 3 mole of calcium nitrate reduces the 
nitric-nitrogen content of the soil 1 20 per cent below normal, while an 
equival^ht quantity of the earl innate reduocs it 59.1 percent below nor- 
mal, The chlorid at this concentration is without effect, whereas the sul- 
phate is a very strong stimulant. 

INFLUENCE fiH M.ViXKSll-M SAI.TS 

The compounds used in the magnesium series were the chlorid, sulphate, 
nitrate, and carbonate of magnesium. The last-named was applied to 
the soil in the form of a dry powder, whereas all of the others were added 
in the usual manner. The results representing the average of four or 
more closely agreeing determinations are given in Table VII. 

Both the nitrate and carbonate of magnesium increase the nitric- 
nitrogen content of the soil. In the case of the carlxmalc this is very 
marked and is markedly different from the results obtained^ with calcium 
carbonate. 

The nitrate, after reaching its highest stimulating point, rapidly be- 
comes toxic, so that by the time 729.6 p. p. m, of magnesium in the 
form of the nitrate had been added to the soil, there was a loss of 354.7 
per cent of the nitrogen. 

92804° — 19 2 
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Table VII .— Percentage of nitric nitrogen formed in ioo gm. of soil containing 2 gm. 
of dried blood and varying amounts and forms oj magnesium salts 


{The untreated v.iil is taken as ioo per cent] 


Fraction of molecular weight in 100 
gm of vnl 

Amount of 
magnesium. 

PfHwiUtt of nitric nitrogen formed in presence of — 

Magnesium 

chlorid. 

Magnesium 

sulphate. 

Magnesium 

nitrate. 

Magnesium 

carbonate. 

None 

P.pm. j 

None 

IOO. O 

IOO. 0 

IOO, 0 

IOO. 0 

78X 10— 7 

1.9 

67.7 

95 ' a 

92.9 

9O.4 

156X 10- 7 

3-8 

58. 0 

96.2 

85-7 

97-7 

30X10- 7 

7.6 

68. 5 

IOI. 2 

ro6. 5 

108. 1 

635X10— 7 

* 5 - 2 

55 - 0 

87.I 

87. 0 

136. 1 

125X IO~ 4 

3 °- 4 

97.1 

88.7 

95 7 

119. 8 

35X 10-* 

60.8 

123. 2 

94. 6 

65- 2 

140. 7 

5X10- 4 

121. 6 

84-5 

90. 4 

43-5 

101. a 

iX 10- 3 

243 - 2 

486. 4 

78. 6 
26. 5 

82. 9 

63 - 3 


116. 0 

*X to— * ' 

5 -o 

72. 7 

3X10-* 

729.6 

11. 8 

59 * 6 

- 354 - 7 

5 r - 7 


Magnesium carbonate reaches its highest stimulation at a concentration 
of 25 X itr 5 rnole, and at a. concentration of 3X io“ 3 mole the ammonify- 
ing powers had been reduced to one-half normal almost the same as was 
the case with the calcium carbonate. 

It is indeed interesting to note that this soil, which already contains 
over 8 per cent of magnesium carbonate, has its nitrifying powers in- 
creased by the addition of magnesium carbonate. This would lend sup- 
port to the idea promulgated in the last section that the depressing effect 
of the calcium carbonate is due to its changing of the lime-magnesia 
ratio in the soil. 

All of the magnesium salts are peculiar in that at the lower concentra- 
tions they are toxic, but that at higher concentrations they are stimu- 
lants. This peculiarity is especially noticeable in the case of magnesium 
chloric!. 

Both the chlorid and sulphate were toxic in all but one of the concen- 
trations tested. The sulphate and carbonate of magnesium at the 
highest concentration tested reduced the nitrifying powers to about 
otie-half normal, while the same concentration of the chlorid reduced it to 
less than onc-cighth normal. A similar concentration of the nitrate 
caused a rapid disappearance of the nitrate from the soil. 

It is quite evident from these results that the determining factor in the 
action of calcium or magnesium salts upon the nitrifying powers of the 
soil is the electronegative ion. 

influence of manganese salts 

The compounds used in this series were manganous chlorid, manganous 
sulphate, manganous nitrate, and manganous carbonate. The results so 
obtained as the average of a great number of closely agreeing determina- 
tions arc given in Table VIII. 
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TablB VIII. Percentage of nttnc nitrogen formed in joo gm. of toil containing j gm. of 
dried blood and intying amounts and forms of mangtinese salts 


IThe untreated soil is taken us toe jut cent] 


Fraction of molecular weight in too 

Amount of 

Pm-fiilacc i 

1 ionic nitrogen formed in 

l*rrs«iit'e it/— 

gm. of toil. 

manganese 

Manganous 

Manganous 

Ms 11 canons 

Manganous 

— - 

P. P m. 

tliktrid. 

sulphate 

nitrate 

cat buna le 

None 

None. 

too. 0 

100. 0 

ICO. 0 

100. 0 

78X10’' 

4-3 

too. 6 

1 15. 2 

lar. 3 

91. 2 

156X10“' 

S. 6 

112. 9 

100. 0 

113 8 

73.3 

313X10“* 

i i;-* 1 

57 - 7 

106. 6 

nj- 5 

77.8 

625X10“* 

34-4 

41. 7 

106. 6 

US - 4 

86. 3 

125X10" 1 

' 68.8 

3*-9 

104. 1 | 

107. 9 

108. 4 

35X10-* 

| *37 6 

44.3 

97. 6 

79-4 

86.8 

5X10 4 , 

2 75 - 2 

55 - 2 

*01. 3 

- 49 - 3 

84. 0 

iXio“ s 1 

550-4 

55 - 2 

88. 7 j 

26. 9 

846 

aX to' 3 

t , 1 00. 8 

2 4 - 5 

80. 2 : 

4 - 5 

?*• 1 

3X10- 3 

1, 651. 2 

4 - 5 

74 - 3 ! 

— 17.80 

Si. 3 


All of the manganese compounds tested are strong stimulants to the 
nitrifying organisms. The extent of the stimulation and the quantity of 
the salt required to produce the maximum stimulation varies greatly with 
the salt used. The sulphate produces its greatest stimulation at the 
lowest concentration tested, whereas the chlorid is most active at 8.6 
p. p. m. of manganese, the nitrate at 34.4, and the carbonate at 68.8. 
Manganous chlorid stimulates the nitrifying organisms greater than it 
does the ammonifying organisms, whereas with the earlxmate the reverse 
is true. It is quite evident from these results that the stimulation 
exerted by manganese upon soil organisms is governed by the electro- 
negative ion, which is combined with the manganese and t he sped lie class 
of organisms on which it is acting. 

While manganese is at times added to the soil as a soil amendment, the 
results reported by different investigators vary, some noting a marked 
stimulation, while in other experiments it is not so pronounced. The 
data herein reported, togctfier with those previously rej>ortcd for ainmoni- 
fieation, offer a very plausible explanation of the lack of agreement 
among various reported experiments. 

If we admit that much of the beneficial effect of the manganese on the 
plant is due to its stimulating influence on the bacterial activity of the 
soil, thus liberating more available nitrogen, forming organic acids and 
carbon dioxid, which in turn liberate phosphorus and otfyer dements 
essential to plant growth, we can readily see that its influence upon a 
plant growing in a soil well supplied with available nitrogen and phos- 
phorus would not be great. But if the soil contained unavailable plant 
food, the increased bacterial activity would make more plant food avail- 
able. This would then be taken up by the growing plant and shown in 
the increased crop yield. 
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The manganous carbonate is peculiar in thatat the lower concentration 
it is toxic, but at a concentration of 1 25 X io -9 mole it acts as a stimulant. 
The chlorid is most active at 156X io~ 7 mole, and in the next concentra- 
tion the nitric nitrogen content of the soil is reduced to one -half -normal, 
and at a concentration of 3/ io~ 3 mole there is only 4.5 per cent of the 
normal nitric nitrogen present in the soil. 

T!u* manganous sulphate stimulates throughout a much wider range 
of concent rations than does the chlorid, and at the highest concentration 
teso -4 it had reduced the nitrification to only threc-fourths-normal. 

Manganous nitrate is a more powerful sLiinulant than any of the other 
salts, and stimulates in the same concentrations as does the sulphate, 
but it is much more toxic in the higher concentrations than are any of 
the other salts. Although the carlxmatc is not a very active stimulant 
at any of the concentrations tested) neither is it very toxic. 

! INFI.t'KNClv OF IRON SALTS t K, '• ' 

The compounds used in this series were ferric chlorid, ferric sulphate, 
ferric nitrate, and ferric carbonate. All except the carbonate were 
added to the seal in solution. The carbonate was added in the form of a 
dry powder and carefully mixed with the soil. Considerable difficulty 
was experienced in getting duplicate determinations to agree when the 
sulphate was applied to the soil, and the results as reported represent the 
average of eight sets of determinations. The chlorid, nitrate, and car- 
bonate represent the average of four closely agreeing sets of determina- 
tions The results are given in Table IX. 

Taih.ij IX . — l Percentage of nit tic nitrogen formed in 100 gm. of soil containing 2 gm. 
of dried blood and varying amounts and forms of iron salts 

|The untreated soil iJ tak*»u a* too per cent] 


JVriviitJ^cof nitric-nitrogen for met 1 in presents uf - 




— 

— 

■ 


Ferric 

Ferric 

Ferric 

Ferric 


rliloriit. 

sulphate. 

nitrate. 

carbonate. 


r p : 




me 

100. 0 

roo. 0 

IOO. 0 

100. 0 

3. 0 . 

; 103. 4 

102. 0 

95*6 

102. 5 

5.8 • 

101. 0 

94. 2 

95-4 

104. I 

ut> 

! "5 5 

67. 0 

92.4 

102. 9 

3;,. 3 

ll6. 5 

82. 8 

9a 1 

96.O 

4 *'- 5 

j 138.4 

97. 1 

89.7 

1 99 - 4 

9.1 O 

j io.v 4 

97 > 5 

86 . 3 

100. 7 

iSf>. 0 

i 102.6 

98.9 

89. 2 

105. 6 

37 3 - .1 

1 78. 5 

zoo. 0 

53 - 4 

no. 7 

744 - b 

| 6 

84- 3 

12. 4 

II 7-4 

1 Uv 0 

j 10. 9 

87.9 

7-9 

104- 5 


From these results it may be seen that all of the iron salts, with the 
exception of the nitrates, increase the nitric nitrogen of the soil. The 
maximum stimulation for the chlorid occurs when 46.5 p. p. m. of iron 
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had been applied to the soil, the sulphate at 2.9 p. p. m., and the car- 
bonate at 744.6 p. p. m. The chlorid is a much more powerful stimulant 
than are any of the other salts, and in this respect there is a marked sim- 
ilarity between the ammonifying and nitrifying organisms. 

The results offer a very likely explanation of why there is an increased 
yield obtained when iron compounds are applied to the soil, as the stim- 
ulation of the soil organisms would greatly increase t lie available plant 
food. There would be not only more available nitrogen but the increased 
bacterial activity would render soluble more potassium and especially 
more phosphorus; the results reported by (iriffiths (5) indicate that the 
plants growing on soil manured with iron sulphate contain more phos- 
phorus than those growing on unmanured soil. We would have to as- 
sume either that the application of iron to the soil stimulates a plant so 
that it requires more phosphorus or else that the iron compounds in- 
crease the availability of the phosphorus, and, hence, the plant takes up 
more. This latter explanation seems the more reasonable, but here we 
have to look for an indirect effect, for the iron directly depresses the 
solubility of phosphorus (2). 

The ferric nitrate becomes toxic to the nitrifying organisms at a much 
lower concentration than any of the other iron salts. Furthermore, its 
toxicity increases much more rapidly than that of any of the other com- 
pounds. The chlorid docs not become toxic until 372.3 ]). p. m. of the 
iron has been added to the soil, whereas the sulphate is toxic at 5.8 
p. p. in. The carbonate was toxic at none of the concentrations tested. 

The highest concentration used 1,116.9 P- p- m* of iron in the form of 
chlorid, reduces the nitric nitrogen content of the soil to 10.9 jkt cent, 
the sulphate to 87.9, the nitrate to 7.9, whereas the carUmatc containing 
soil contains 104.5 per cent of normal. 


IKFM'KNU! <»F UlLdkll’S 

So far in this discussion we have been comparing the action of com- 
pounds having the same electro ]x>si live but a varying electro negative 
ioti. Hence, the results considered have given us an insight into the 
influence of the anions Cl, SO«, NO,, and C<) 3 uj>on the nitrifying cAn 
cieney of the soil. It is therefore important that the compounds be 
compared where the anion is a constant and the cation a variable. This 
is done in Table X. In this series we have the chlorids of sodium, 
potassium, magnesium, calcium, manganese, and iron. The exj»eriment 
was so arranged that equivalent quantities of chlorin in the various forms 
were applied in 100 gm. of soil. Kach rcjx>rled results is the average 
of four or more closely agreeing determinations. 
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Tabu! X of nitric nitrogen formed in 100 gm. of toil containing 2 gm of 

dried blood and varying amounts and kinds of chlorids 


[The untreated soil is taken a 100 per cent] 




Percentage of nilrii nitrogen formed in presence of— 

ni • 1 

Sodium 

Chlorid. 

Potassium 

chlorid. 

Magnesium 

chlorid. 

Calcium 

chlorid. 

Maagaaous 

chlorid. 

Ferric 

chlorid. 

/’. /■ m 

None . . 

100. 0 

IOO. 0 

IOO. 0 

IOO. 0 

IOO. 0 

IOO. O 

5-'4 

102. 4 

93 - 5 

67.7 

87.9 

100. 6 

I03. 4 

1 I-08 

102. 4 

86.8 

58.O 

79.O 

112. 9 

101. 0 

72 . l6 

100. 6 

106. 5 

68. s 

88.2 

57-7 

” 5*5 

44-12 

! 103. r 

102,3 

55 - 0 

84. 0 

41.7 

116. 5 

88. 65 

! ” 4-7 

84-3 

97- 1 i 

86.8 

3 i -9 

128. 4 

117.10 

139. 6 

84-3 

123- 2 

127.4 

44-2 

103.4 

.154-60 

142. 0 

84-8 

84- 5 

160.3 

55 - 2 

102. 6 

70920 

136. 2 

78. 0 

78. 6 

167. 6 

55 - * 

7®-5 

MI« .39 

57 - 5 

35-6 

26. 5 

“4-5 

*4-5 

32-6 

2-127-59 

16. 4 

5 * 

11. 8 

99.2 

4-5 

10. 9 


9 

All of the chlorids tested increase the accumulation of nitric nitrogen 
in the soil, and it would appear from the results that the extent of stimu- 
lation is governed largely by the cation while the toxicity of the com- 
pound is determined by the anion. Measured in terms of the effect upon 
nitrification, calcium chlorid is the most effective stimulant of the chlor- 
ids tested, followed in the order: Sodium chlorid, ferric chlorid, mag- 
nesium chlorid, manganous chlorid, and potassium chlorid. 

These results undoubtedly account for the varying results noted when 
stxlium chlorid is used as a fertilizer. Some experimenters obtain a good 
yield from its use; others obtain just as good a yield without it. 

Storp (zo), in an article on sodium chlorid as a manure, attributes the 
benefit derived from its use as being due to the decomposing of insoluble 
plant food by the sodium chlorid. If this be the correct theory, we can 
account for yields such as those obtained by Voelcker (/ /). As an average 
of five experiments, on land which had been manured with sodium 
chlorid, the yield of mangels was 36,060 pounds. On the adjoining un- 
manured ground there were but 26,035 pounds, a difference of a little 
over io.ooo pounds due to the use of sodium chlorid. Now, if the land 
was rich in insoluble plant food and the chlorid was able to liberate it, 
we could expect a large yield. On the other hand, if the land had been 
poor in unavailable plant food, no good result would have followed its 
use. Wheeler (12) seems to have established the fact that sodium 
chlorid c£Ln not to any great extent take the place of potassium salts. 
However, he does think that sodium chlorid can liberate phosphorus from 
insoluble forms, as the following statement will show: 

It may, however, he stated here that sodium salts seem to liberate phosphorus and 
potassium so that under certain circumstances they may act as an indirect manure. 
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In a later report (jj, p, 196-202) he shows that the [HTcentuge of 
phosphorus in a plant is increased by the use of a sodium salt. With 
radish this was in some cases as much as 0.05- |>er cent more in the crop 
from land which had received a full ration of sodium over that which 
received but a part ration. In the case of turnips there was a difference 
of 0,121 per cent, the beets 0.035 per cent, the carrots 0.074 l*r 
while in the case of tfie chicory the results are practically the same in 
the crop from the manured and untnanured land. The rejuirt contains 
many more cases in which the sodium salt increased the phosphorus in 
the plant. However, the laboratory tests which have lieeu made on 
phosphates show' that sodium chlorid depresses the solubility of 11 phos. 
phate {2). 

It is therefore evident from the results obtained that sodium chlorid 
increases the ammonia and nitric-nitrogen accumulation of the soil, and 
all indications point to the conclusion that this is due to an increased 
activitv of bacteria, which bring about this transformation. This being 
the case, there must be an increase of the nitrites produced in the soil by 
nitrosomonas, and Hopkins and Whiting (7) have demonstrated that 
these organisms possess the power of rendering soluble the phosphorus 
of the soil. Therefore we could expect to find an increased yield when 
sodium chlorid is added to a soil deficient ill soluble phosphate but con- 
taining considerable insoluble phosphate, this increase being due to the 
liberation of phosphorus, which we find revealing itself in a greater phos- 
phorus content of the plants, as noted in the above references. 

The concentration at which the various compounds are found to exert 
their greatest stimulating action varies greatly with the compound. The 
maximum for the different compounds is as follows: Calcium chlorid 
709.2 p. p. m. ( ehlorin as sodium chlorid 354.6 p. p. in., chlorin as ferric 
chlorid 88.7 p. p. m., chlorin as magnesium chlorid 1 17.3 p. p. m., chlorin 
as manganous chlorid 11.1 p. p. m., chlorin as jiotassium chlorid 22.2 
p. p. m. 

The point at which the s|>ecific compound becomes toxic varies greatly 
with the cation. With the exception of calcium chlorid there is nearly 
the same quantity of nitric nitrogen in all soils at the highest concentra- 
tion, 2,127.6 p. p. m. of chlorin in the various combinations. 

The difference in toxicity of the compounds Incomes greater when we 
compare equal molecular portions of the different compounds, as may be 
seen fiom Table XI. 
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Tabu* XI Percentage of nitric nitrogen formed in ioo gm. of toil containing 2 gm. 
of dried blood and to n nich u ere added varying amounts and kinds of chlorids in equal 
mo lecu hr p roportio ns 

* [The untreated soil is taken as 10© per cent] 


Fraction of molecular weight in 100 
gjn. <>( soil. 


None 

156/ 10 7 . 
3 1 2 y to 7 . 
625/ ro 7 
125/ 10 
25/ 10 I 
5X 10 * 
iX 1 o’. 
aX 10 1 
4 Xio~ 3 . 


Percentage of nitric-nitrogen formed in the presence of— 


odium 

hlorid. 

Potassium 
ch Lurid. 

Magnesium 

chlorid. 

Calcium 

chlorid. 

Manganous 
chlorid . 

IOO. 0 

j IOO. 0 

IOO. 0 

IOO. 0 

IOO. 0 

1 02. 4 

» 93 * 5 

58. 0 

79. O 

1 12 . Q 

102. 5 

86.8 

68.5 

88. 2 

57 - 7 

100. 6 

| 106. 5 

55 * 0 

84. 0 

4r. 7 

103. 1 

102. 3 

97. 1 

86.8 

3 1 * 9 

“ 4 - 7 

8 4 - 3 

123. 2 

127. 4 

44 - 2 

L>9* 6 

84.3 

84- 5 

160.3 

55 * 2 

142. 0 

84.8 

88.6 

167. 6 

55 - 2 

136.2 

78.0 

26. 5 

j *4 5 

2 4-5 

57 * 5 

36.6 

11. 8 

99.2 | 

4 * 5 


This would tie taken to indicate that the toxicity of the salt is due to 
physiological action upon the bacteria and not the osmotic pressure 
exerted by the several compounds. 


INFLUENCE Op SULPHATES - 

The compounds used in this series were the sulphates of potassium, 
sodium, calcium, magnesium, manganese, and iron. The quantity of 
the salt used in each case was such that equivalent quantities of sul- 
phate in the various forms were added to 100 gm. of soil. It was also of 
such a concentration, with the exception of the iron sulphate, that equal 
molecular proportions of the various salts were added to 100 gm. of soil 
The results, as averages of a number of closely agreeing determinations, 
are given in Table XI l . 


Taiimv XII. Percentage of nitric nitrogen formed in iix) gm. of soil containing 2 gm. 
of dried blood and varying amounts and forms of sulphates 

(The untreated m>i 1 is tukrti as 100 t>er cent [ 


Percentage of nitric nitrogen formed m presence of— 


Pr action of molecular 

Amount of 

weight in too gm. of Mtd. 

! sulphate 

- j 

/V M 

None 

None. 

78X 10- 7 , . . . . 

7- s 

15OX 10 \ .. ? 

1 15. 0 

312 X 10 : 

30. 0 

02S X io- 7 

60. 0 

123X 10- 5 

no. 1 

2<;X 10 \ .. 4 

24a 2 

SXro-; 

480.3 

iXto- 1 ' 

1 960. 6 

aXio--* 

1,92^2 

oXio- 3 

2, 881. 8 


Sntihan 

Potas- 

Calcium 

sulphate. 

sium 

sulphate 

sulphate. 

IOO. 0 

IOO. 0 

IOO. 0 

87.8 

79 7 

117. 1 

60. 2 

95* 7 

115.9 

j 57* J 

95* 0 

143.0 

86. 2 

93 8 

I I 4°- 9 

! 74.0 

73 4 

125.0 

1 55- 1 

76. 4 

! 148. 8 

65 

67. 2 

I S I - 7 

l 

1 <>2.3 

i 180. 6 

63. 0 

5 l * 5 


50. 8 

3 s * 4 

i 189. 2 


Magne- 

sium 

sulphate 

1 Mangan- 
i ous 
sulphate 

Ferric 

sulphate. 

IOO. 0 

IOO. 0 

1 IOO. 0 

95-3 

rl 3 - 2 j 

102. O 

96. 2 

IOO. 0 j 

94* 2 

IOI. 2 

106. 6 

67. 0 

87. I 

106. 6 

82.8 

88.7 

104. 1 

97.I 

94. 6 

97 * 6 

97*5 

9°. 4 

1QI * 3 | 

98.9 

&2. Q 

1 &S-7 ' 

l too. 0 

63.3 

80. 2 

* 4 - 3 

59 - 6 

74 - 3 

i 879 
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Sodium sulphate and potassium sulphate are the only sulphates 
which fail to increase the nitric-nitrogen content of the soil, and in this 
respect they are similar to the ammonitiers (j). The degree and concen- 
tration at which the various salts stimulate vary with the compound, 
being greatest with calcium sulphate and least with magnesium sulphate. 

Calcium sulphate is the most powerful soil stimulant known. This is 
due not to a direct nutritive value but to the liberation of plant food 
which may in a measure be due to the direct interchange IxHween cal- 
cium and potassium. However, these results clearly indicate that its 
main influence is upon the bacterial activities of the soil, esjRvially the 
ammonifying and nitrifying organisms of the soil. In this manner the 
available nitrogen of the soil is increased. Furthermore, in the metabolic 
processes of these bacteria there are formed acids and other comjynmds 
which act as solvents for the potassium and phosphorus of the soil. It 
is well known that the addition of gypsum increases the jxdassium of the 
crop, and some other exj>criments show that it increases the phosphorus, 
for example, lioussingault (o,i. i, />. found a greater amount of phos- 
phorus in land manured with gypsum. The phosphorus in the clover from 
the manured land was 10.57 kilos; that from the uumanured 4.80 kilos. 
The following year, although no more manure was applied, the phos- 
phorus from the hay grown on the manured land was 6.95 kilos more than 
from the uninanurcd. 

Although magnesium, manganous, and iron sulphate all increase 
at some concentration the nitric nitrogen of the soil, they arc not nearly 
as active as is calcium sulphate. 

The toxicity of sodium and potassium sulphate is very marker! even 
at the lowest concentrations tested, and increase with increasing quantities 
of the stilt. Although the toxicity of potassium sulphate does not in- 
crease as rapidly at the lower concentrations as d<x*s that of sodium 
sulphate, yet at the highest concentration tested, 5 X 1 u~ 3 mole, the so- 
dium-sulphate- treated soil contains 50.8 per cent normal of nitric nitro- 
gen, whereas that of the potassium sulphate treated soil contains 52.4 
per cent. 

Calcium sulphate is not toxic at any of the concentrations tested, 
whereas magnesium sulphate probably first becomes toxic at a concen- 
tration of 628 X io“ 7 mole, and at 3X 10" 3 mole the nitric nitrogen con- 
tent of the soil had been reduced to alxnil one-half normal. 

Manganous sulphate and iron sulphate arc similar in that they are only 
slightly toxic even at the higher concentrations. It is # evident from 
these results that the stimulating action is due mainly to "the eleclro- 
posiiive ion, whereas the electro-negative ion determines the toxicity of 
the com pound. 
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IXPLL'IiNC K OF NITRATES 

The compounds used in this series were sodium nitrate, potassium 
nitrate, calcium nitrate, magnesium nitrate, manganous nitrate, and 
ferric nitrate. The quantity added to the soil was such that in each case 
equivalent quantities of nitrate in the various forms were added to the soil. 
Hence, the varying factor is the electro-positive ion, the electro-negative 
remaining the same in each case. The average results for a number of 
closely agreeing determinations are given in Table XIII as percentages of 
nitric nitrogen found in ioogm. of soil, the untreated soil being taken as 
100 per cent. 

Tabi.U XIII. Percentage of nitric nitrogen formed in 100 gm. of soil containing 2 gm. 
of dried blood and varying amounts and forms of nitrate salts 


|Tlie untreated tot) is considered as 100 per cent] 




rmentaneof nitric nitro^ra iurmerl in presence of — 


Amount of nitrate. 

Sodium 

nitrate. 

Fotassiuru 

nitrate. 

Calcium 

nitrate. 

Magnesium 

nitrate 

Manganous 

nitrate 

Ferric, 

nitrate. 

P. p. m. 

None 

too 0 

IOO. 0 

IOO. O 

too. 0 

100. 0 

IOO. 0 

9-7 

92. 7 

106. 4 

99 1 

92.9 

121.3 

95-6 

iQ- 4 

88.3 

74 7 

88. 4 

85- 7 

1 13. 8 

95-4 

38. 8 

94 - 4 1 

98. 6 

9 3 - 5 

106. 5 

1 13 5 

92.4 

77-6 

IOJ. 

92 - 5 

102. 1 

* 7 - 

125-4 

90. 1 

155 - 3 

75 9 | 

IOO. 5 ; 

92. 1 

95 - 7 

107. 9 j 

89.7 

310. 4 

71.6 

7 1 ’ 1 

100. 8 

652 

79-4 

86. 2 

634. 8 

69. 4 

33 * 5 

86.9 

43-5 | 

49. 2 

89. 2 

1, 341. 6 

48. 0 

20. 0 

46.8 


26.9 

53-4 

2, 48*. 2 

17. 1 

5 

- 0. 4 

- 5 -o 

4-5 

12.4 

3 . 7*4 8 

— 14.0 

1 

- 41. 2 

— 20. 2 j 

-354- 7 ; 

- 17.8 

7 9 


Sodium nitrate does not stimulate the nitrifying organisms in any of 
the concentrations, whereas potassium in the lowest concentration does. 
Otherwise these two compounds are very similar in action. Both in low 
concentrations depress the accumulation of nitric nitrogen in the soil, 
but at a higher concentration this toxicity disappears. When the quan- 
tity of nitrites added to the soil exceeds 3 10.4 p. p. m., the nitric nitrogen 
rapidly disappears from the soil. At the highest concentrations tested the 
added nitric nitrogen was rapidly disappearing. 

Calcium and magnesium nitrate in the lower concentrations are quite 
similar in action, but at 38.8 p. p. m. of nitric nitrogen in the form of 
magnesium nitrate is more active as a soil stimulant than the calcium 
in any of the concentrations tested. At the higher concentrations the 
nitric nitrogen disappeared from the soil more rapidly where the mag- 
nesium salt was added than where the calcium salt ivas added. 

Manganous nitrate is the strongest nitrate stimulant tested, at one 
concentration increasing the nitric-nitrogen content of the soil one- 
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fourth. But even in the presence of large quantities of this salt there is 
1 notable disappearance of nitric nitrogen from the soil. 

I'erric nitrate is peculiar, in that it fails to stimulate in any of the con- 
centrations tested, and there is a gradual increase in toxieitv from con- 
centration to concentration. However, even where the largest quantity 

iron nitrate was added, there was no loss of nitric nitrogen from the 
soil. 

The occurrence of the negative results where the sodium, potassium, 
calcium, magnesium, and manganous nitrate are added to the soil raises 
the question, Has denitrification taken place or does it stimulate other 
aacterial activities so that the nitric nitrogen is rapidly transformed into 
protein nitrogen ? 

In order to answer this question, a set was prepared in which the vari- 
ous salts were added to (he soil and incubated for 21 days, and the total 
nitrogen determined. The results are given in Table XIV. Hach is the 
average of four determinations. 

Tablc XIV . — ijvantity of nitrogen obtained from joo gm. of joi 7 r<<<mri</ r<*nut« 
luatnunts 


Treatment 


Dried blood, no nitrate 

Dried blood, 84.06 mgm. of nitric nitrogen as sodi- 
um nitrate 

Dried blood, 84.06 mgm. of nitric nitrogen as cal- 
cium nitrate 

Dried blood, 84.06 mgm. of nitric nitrogen as ferric 

nitrate 

Dried blood, 84.06 mgm. of nitric nitrogen as mag- 
nesium nitrate ’ 

Dried blood, 84.06 mgm. of nitric nitrogen as man 

ganous nitrate 

Dried blood, 84.06 mgm. of nitric nitrogen as potas- 
sium nitrate 


Nilrotfrn in 

1 00 kTH 

Soil. 

Afynt . 

in 

llilulr 
l r rut<<| »oil 

Hem 

t'.uiii of liw, 
ill llilfoveti 
nvrf will ir 
iTivititf 1111 
uitrulr 

Mfftn 

-H9-3 

85.4 

»- J 4 

460. 5 

126. 6 

42 - 54 

455 -o 

121. 1 

37 - 04 

466. 5 

1j2. 6 

4 & 54 

443 - 1 

J09. 2 

25. 14 

412. 0 

78. 1 

” 5 


It is evident from these results that the loss of niLrie nitrogen from 
this soil is not due to denitrification, for we find in every case, with the 
exception of where the potassium nitrate was added to the soil, that 
there was a gain of combined nilrogen. This is remarkable, for we have 
here a soil which was low in nitrogen but to which had been added 2 per 
cent of dried blood greatly stimulated in its nilrogen, fixing powers. 
The quantity of nitrogei^fixed by this soil on the addition of the various 
nitrates in some cases is from four to eight times that normally fjxcd 
by the soil. Whether the azofiers would continue to fix nitrogen at this 
speed is doubtful, but experiments are under way in this lal>oratory to 
decide this point. *If they will, it opens up an interesting and practical 
field for investigation. 
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INFLUENCE OF CARBONATES 

The compounds used in this series were the carbonates of sodium, 
potassium, calcium, magnesium, manganese, and iron. The results as 
percentages of. nitric nitrogen, the untreated soil being considered as 100 
per cent, are given in Table XV. 

Tahi,IS XV .—Percentage of nitric nitrogen formed in loo gm. of soil containing 2 gm. 
of dried blood and varying amounts and forms of carbonates 

(The untreated soil U taken as too per centj 




Percentage of nitric nitroccn formed in presence 

ol- 

Frail ion of molecular 
Weight in 104 gm, of soil ■ 

Amount nl 
carbonate. 

Sodium 

carbonate 

Potas- 
sium car- 
bonate. 

Calcium 

carbonate 

Mag- 

nesium 

carbonate 

Man- 

ganous 

carbonate 

Ferric 

carbonate. 

None 

/>. P.m, 

None. 

100. 0 

IOO. 0 

ICO. 0 

IOO. O 

IOO. 0 

ICO. 0 

78 X io— 7 

4- 7 

100. 0 

99. r 

99-4 

70.4 

91.3 

102. 5 

n;6Xio- 7 

9.4 

79-4 

92. 7 

97 4 

97 7 

72. 2 

IO4. I 

313X10 — 1 

18.7 

76.9 

81.3 

97.3 

108. 1 

77-8 

102. 9 

635X 10 — 7 

37- 5 

88.3 

80.3 

8 .v 3 

136. 1 

86.3 

96. O 

ij^Xio- 4 

75- 0 

94- 1 

69. 0 

95 9 ; 

1 1 9. 8 

108. 4 

99- 4 

35X10— 4 

150. 0 

79- 4 

71.0 i 

97 2 

14a 7 

86.8 

100. 7 

5 Xn>-‘ 

300. 0 

7.V 5 

63-7 

79° 

icr. 2 

84.6 

105. 6 

1X10- 3 

600. 0 

7 5 

55-4 

82. 0 

116. 0 

84.6 

no. 7 

aXto- 3 

1, 200. 0 

63- 5 

i 4 r . 8 

59 - 2 

72 - 7 

71. 1 

! 117-4 

3X10- 1 

r, 800. 0 

5*8 

' 14. 8 

69. 1 

5 l -7 

81. 2 

104. 5 


Neither sodium nor potassium carbonate stimulate in any of the con- 
centrations tested, and in this respect they differ sharply from their 
action on the ammuni tiers. Both compounds become toxic at a con- 
centration of 156X10" 7 mole, but the toxicity of the potassium salt in- 
creases much more rapidly than the toxicity of the sodium salt. The 
latter, at a concentration of 3X10“* indie, reduces the nitric-nitrogen 
content of the soil to 58. 8, while the former, at the same concentration, 
reduces it to 14.8 per cent. 

Calcium carbonate gradually increases in toxicity from the lower to 
the higher concentrations, whereas the magnesium carbonate, up to a 
concentration of 1 X io~* mole, is a strong stimulant. Although the 
calcium is toxic at the lowest concentration, and although magnesium 
stimulates, yet at the highest concentration tests, 3X io~ s mole, there is 
considerable more nitric nitrogen in the calcium-carbonate-treated soil 
than in the magnesium-carbonate-treated soil. 

Manganesg stimulates slightly when 125X 10" - ® mole are added to the 
soil, above which it becomes slightly toxic, next to iron carbonate; 
manganese carbonate is the least toxic of the carbonates tested. Iron 
carlionate the most powerful of the stimulants tested and becomes 
toxic only in two concentrations, 625 Xio“ 7 mole and 125X10“® mole. 
Above and below these concentrations it is a stimulant. 
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RELATION BETWEEN 1) ACTE RIAL ACTIVITY AND IIIC.HKR PLANTS 

The results herein reported, together with those published by Dr, Harris 
(6), make it possible to compare the iutluence of some of the sails uj>on 
the nitrifying powers of a soil with their influence upon the higher plants. 
Ihis comparison is quite justifiable, for (he same soil was used in the ex- 
periments with seedlings as lias been used in the work on bacterial 
activities. The comparison is made in Table XVI. The results, as re 
ported, are the quantities of the respective salts which are necessary to 
reduce nitrification and the production of drv matter in wheal seedlings 
to about half-normal. 

Taisia: X\ l .--I\'rcent(i:}e of virions salts in / * . >*i so:! ttcocssaty to ruiuio niltijioitiott, 
termination, amt thy manor in y loot to about half norma! 
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Magnesium clilorid. 
Magnesium nitrate. . , 

Potassium nitrate 

Potassium carbonate. . 

Sodium nitrate 

Sodium carbonate 

Sodium chlorid 

Potassium chlorid 

Potassium sulphate . 
Magnesium sulphate . . 
Sodium sulphate 


0. 006 

• 074 
. ror 

• » 3 * 
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. 212 

• M4 

. 

■ 349 

. ;0r 
. 568 
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- , y ;(> 

.40 

- .299 
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- ■ 


- . MO 

.30 
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. i 0 

• 034 

*a$ 

. 048 

. 60 

~ .251 

• 70 

- . 439 

• 55 

. 01 ft 


Four of the salts tested, sodium chlorid, potassium chlorid, sodium 
sulphate, and calcium chlorid, are less toxic to the nitrifying organisms 
than they are to wheat seedlings. All of the other cnmjxnmds arc much 
more injurious to nitrifying bacteria than they are to wheat seedlings. 
In many cases the wheat seedlings will withstand many times as much 
of the salt as wdll the plant. This is especially noticeable in the case of 
magnesium nitrate and magnesium chlorid. The plant being able to 
withstand 70 times as much of this latter compound as will bacteria. 

It is ceryun from these results that a test of the ammonifying power 
of an alkali soil gives a better index of its crop -producing power than does 
a determination of its nitrifying power, for a close correlation was found 
to exist between the toxicity of many of these salts for ammonifying 
organisms and wheat seedlings (j). 

RELATIVE STIMULATION oE THE VARIOUS SALTS 

It has been noted repeatedly throughout this work that many ot the 
saltS|tested increase the accumulation of nitric nitrogen in the soil. The 
extent of this stimulation and the concentration of the specific salts re- 
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quired to produce the maximum effect vary greatly with the salt. These 

facts are summarized in figures i 
and 2. 

Only 6 of the compounds tested, 
sodium sulphate, sodium carbon- 
ate, potassium sulphate, potas- 
sium carbonate, calcium carbon- 
ate, and ferric nitrate , failed to 
increase the nitric-nitrogen con- 
tent of the soil. The 18 others 
all increased the nitric-nitrogen 
content of the soil. There is no 
correlation between the stimula- 
tion of the ammonifying and 
nitrifying processes of the soil. 
This is remarkable when we re- 
member that the speed of the 
latter is undoubtedly controlled 
and dependent upon the other. 
And the results herein reported 
probably indicate that there are 
other side reactions taking place 
which are influenced by these 
salts but which are not measured 
by these methods. 

Averaging the molecular 
weights for the 12 compounds 
acting as the strongest stimu- 
lants, we find them to be con- 
siderably lower than the average 
molecular weight of those which 
exert little stimulating influence. 
We really find some of the com- 
pounds with the lowest molec- 
ular weight — for instance, 
sodium chlorid — the greatest 
■ stimulants. Hence, it would 
seem thatGruUer’s generalization 
^ for animal stimulants does not 
3 hold for either fehe ammonifying 
^ or nitrifying organisms. Some of 

Fw. j.— Graph! showing molecular concentration!* at the strongest StimulailtSlOrplantS, 
wluch the hi R h*t stimulation is noted ^ ^ 

phate, increase to the greatest extent the nitric-nitrogen content of the 
soil. Therefore it is certain that the increased plant growth is due to a 
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great extent to the increased available plant food yielded by the accel- 
erated bacterial activity of the soil. 

The quantity of the salt necessary to produce maximum stimulation 
varies greatly with the salt. It is usually the case that those compounds 
which are the greatest soil stimulants must be added in larger quan- 
tities to produce maximum stimulation than those which are not as 
active stimulants and which produce their greatest effect at lower con- 
centrations. 



Fjo. 3 . — Graph* showing the percentage of stimulation at the alxwr noted molecular rourm trillions 
(see fig 1), the untreated soil being counted a* itruiurtng 1 00 per cent of nitric nitrogen. 

relative Toxicity of the various salts 

The salts used in this work may be compared as to toxicity from three 
viewpoints: First, the lowest concentration of the salt at ivhjcli a toxic 
effect is noted toward the nitrifying organisms; second, the molecular 
concentration at which nitric-nitrogen accumulation is reduced to three- 
fourths normal; and third, the jx-reenlage of nitric nitrogen produced in 
the presence of the largest quantity of the various salts, which is 2 X to -4 
mole of the salt in 1 00 gm. of soil. These results are reported in figures 3, 
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4, and 5. Not one of the compounds tested was toxic at the lowest con- 
centration tested, 78 X to~ 7 mole. All of the others became toxic at some 



Fjg, j.— Graphs showing the mokcuUr concentrations at which the various salts are toxic to 
nitrification 

of the concentrations tested. In 1 1 out of the 20 cases tested the point 
of toxicity for the ammonifiers and nitrifiers were the same, whereas 
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in the remaining cases the quantity required to become toxic to t he 
ammonifiers was much greater than it was for the nitrifiers. In only 



Flo. 4. — Graphs showing the molecular concent ra lion* which reduce the ruLrificatkm to three-fourthl 

normal 

three instances were the salts more toxic to ammonifiers than to 
nitrifiers. 
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It is evident from these results that while the*increased osmotic pres- 
sure exerted by the salts added to a soil plays an important part in the 
retarding of the bacterial activity, it is not the only factor nor probably 
the jnain one. The principal factor is probably a physiological one 
caused by the action of the substance upon the living protoplasm of the 
cell, changing its chemical and physical properties so that it can not 
function normally. However, we do not find a relationship between the 
toxicity of the compound and its power to precipitate colloids. It 
appears, therefore, that while the precipitation of the colloidal cellular 



material often causes death of the organisms, it is not necessarily the 
determiniiig factor in the toxic action of these salts. 

As can be seen from figure 4, it is not necessarily those compounds 
which become toxic at the lowest concentration which have the greatest 
far-reaching effect upon the bacterial activities of the soil. This con- 
dition holds for both the ammonifying and nitrifying organisms. It re- 
quires in almost every case more of the specific salt to reduce ammonifi- 
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cation to three-fourths normal than is required to produce the same 
effect upon the nitrifiers. It is evident from these results that the 
common soil alkalis, calcium chlorid, sodium carbonate, sodium sul- 
phate, and sodium nitrate, are very toxic to nitrifying organisms, and if 
present to any great extent, will greatly reduce the nitric-nitrogen con- 
tent of the soil. 

. The toxicity of the compound to ammouiiication was found to be 
controlled largely by Lhe cation, but no such a relationship is found to 
exist in the case of the nitriliers, us can be seen from figure v 

The toxicity of the compounds to ammonilication was found to l>c 
controlled largely by the cation, but no such relationship is found to 
exist in the case of the nitrifiers (fig. 5). 

SUMMARY 

The toxicity of the chlorids, nitrates, sulphates, and carbonates of 
sodium, potassium, calcium, magnesium, manganese, and ir<>n as deter 
mined by nitrification is determined by the specific salt: and tint bv the 
electro-negative ion, as was the ctisc with the ammonifiers. With the 
exceptions of the manganous chlorid and sulphate and the chlorids of 
iron and sodium, the salts tested all became toxic at a lower concentration 
to the nitrifiers than to the ammonifiers. 

The quantity of a salt which can be applied to a soil without decreasing 
the nitric-nitrogen accumulation in the soil varies \yith the salt, and for 
the soil under investigation it is in the order of decreasing toxicity of the 
salts as follows: Sodium sulphate, sodium carbonate, calcium carbonate, 
potassium sulphate, potassium carbonate, ferric nitrate, sodium nitrate, 
magnesium sulphate, ferric sulphate, calcium nitrate, potassium nitrate, 
potassium chlorid, magnesium nitrate, manganous carlxmate, manganous 
chlorid, manganous sulphate, ferric carlxmate, magnesium chlorid, man- 
ganous nitrate, ferric chlorid, magnesium carbonate, sodium chlorid, 
calcium chlorid, and calcium sulphate. 

It is not necessarily those compounds which become toxic in tin* lowest 
concentrations which are most toxic in higher concentrations, as the 
toxicity of some salts increase more rapidly than the toxicity of others. 

It is quite evident from the results reported that the increased osmotic 
pressure exerted by the salt added to the soil plays a minor part in the 
retarding of the bacterial activity. The main factor is probably a 
physiological one due to the action of the substance upon the living 
protoplasm of the cell, changing its chemical and physical properties so 
that it can not function normally. 

The common soil “alkalis,’’ calcium chlorid, sodium sulphate, sodium 
carbonate, and the less common one, caicium nitrate, are very toxic? to 
the nitrifying organisms, and if present in soil to anv great ‘extent will 
greatly reduce the nitric-nitrogen accumulation in such a soil. 
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Sodium sulphate, sodium cybonate, calcium carbonate, potassium sul- 
phate, potassium carbonate, and iron nitrate failed to increase the nitric- 
nitrogen accumulation in a soil. All of the others, however, in some of 
the concentrations tested acted as stimulants. The extent of the stimu- 
lation and quantity of salt necessary for maximum stimulation varied 
with the specific compound. Naming them in the order of increasing 
efficiency, they are: Sodium nitrate, magnesium sulphate, ferric sulphate, # 
calcium nitrate, potassium nitrate, potassium chlorid, magnesium nitrate, 
manganous carbonate, manganous chlorid, manganous sulphate, ferric 
carbonate, magnesium chlorid, manganous nitrate, ferric chlorid, magne- 
sium carbonate, sodium chlorid, calcium chlorid, and calcium sulphate. 
The last two increased the nitric -nitrogen accumulation of the soil 67 and 
97 per cent, respectively. 

Those compounds which are the strongest plant stimulants are also 
the most active in increasing the nitric-nitrogen accumulation of the soil 
and it is very’ likely that the effect upon the plant is due mainly to the 
action of the compound upon the bacteria which in turn render available 
more plant food. 

Many of the nitrates caused large losses of nitric nitrogen from the 
soil; this is due to the stimulation of other species which transform the 
nitric nitrogen into protein nitrogen and not to denitrification. 

Magnesium nitrate, ferric nitrate, calcium nitrate, and manganous 
nitrate are very actiw stimulants of the nitrogen-fixing organisms. In 
some cases these compounds increased nitrogen fixation many times 
over that in the normal soil. 

The ammonifying powers of a soil containing alkalis are a better index 
of its crop-producing powers than are the nitrifying powers. 
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